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Abstract 

We show that collider data on elastic pp (and pp) scattering, including the LHC 
TOTEM data at 7 TeV, can be well described by a 3-channel eikonal model with only one 
Pomeron, with parameters that are naturally linked to the perturbative QCD (BFKL) 
framework. The proton opacity, determined in this way, is then used to account for sizeable 
absorptive effects. We study the recent measurements of da/dAr] made by the ATLAS 
collaboration, where they select events with large rapidity gaps A77. We demonstrate that 
the absorptive corrections noticeably change both the value and the A77 dependence of 
the cross section. We find that our parameter-free calculation is in agreement with these 
ATLAS data. 



1 Introduction 

Recent measurements of diffractive processes at the LHC can be used to greatly improve our 
knowledge of the opacity (the hadronic matter density) of the proton. In particular, here we 
study the implications of the TOTEM data [1, 2] and the determinations of the rapidity gap 
cross sections measured by ATLAS at yfs = 7 TeV [3] . 

It is convenient 1 to describe the pp elastic scattering amplitude in the impact parameter, 
b, representation, since at high energy b is well determined. Essentially b is equivalent to the 
partial wave £ = by/s/2. It is known that the real part of the high-energy elastic amplitude is 

1 Sce, for instance, Ref. [4]. 



small in comparison with the imaginary part. Thus, to good accuracy, the amplitude can be 
written in the eikonal form 

T{b) = i(l-e- n ^' 2 ), (1) 

where Q is called the opacity or optical density of the proton. The simplest, popular, parametriza- 
tion describes the opacity by one-Pomeron exchange. On the other hand, we can determine 
T(b), and hence the opacity Q(b), directly from the elastic data [5] 

where q t = y/\t\ and p = ReT/ImT. In this way, we first determine ImT from the data for 
da e i/dt, and then calculate Q(b) using (1), assuming p(t) =constant. In fact, later on, we 
assume p 2 ^ 1. The results are shown in Fig. 1, where we compare Q(b) obtained from elastic 
differential cross section data at SppS [6], Tevatron [7] and LHC [2] energies. At the lower 
two energies the Q(b) distributions have approximately Gaussian form, whereas at the LHC 
energy we observe a growth of Q at small b. The growth reflects the fact that the TOTEM data 
indicate that we have almost total saturation at b = 0. Note that according to (1) the value of 
ImT(6 = 0) — > 1 corresponds to f2 — > oo. Since actually we do not reach exact saturation the 
proton opacity at b = is not oo, but just numerically large. Clearly, in this region of b the 
uncertainty on the value of f2 is large as well, see Fig. I. 

One obvious possibility to account for the growth of Q is to conclude that we observe, 
at low b, a component due to a qualitatively new interaction with an unusually strong energy 
behaviour. In particular, in Ref . [8] the elastic total cross section was described by two Pomerons; 
one with intercept 0.09, and a second with a much higher intercept 0.36. The residue of the 
latter Pomeron has a relatively flat t-behaviour, so that it contributes mainly to the low b 
region. 

However, this is not the only possibility. Recall that the proton is not a local object, but has 
its own complicated structure. Proton interactions can be mediated via its excited states. An 
economical way to allow for the effect of the excitations is to use the Good- Walker formalism [9] 
of diffractive eigenstates, each of which undergoes "elastic scattering" only. We show below that 
the present data can be described by a 3-channel eikonal model with 3 diffractive eigenstates 
of different size, but with only the one Pomeron. 

Besides the elastic data of the TOTEM experiment, the other relevant LHC data are the 
rapidity gap cross section measurements of ATLAS [3], which are shown 2 in Fig. 2. For a 
sufficiently large rapidity gap, Arj, these data correspond to high-mass diffractive dissociation, 
and should be well described in a triple-Pomeron framework in which the rapidity gap survival 

2 Actually A-q may not be the full gap size, but is the part of it that is observed by the calorimeter. Here 
we have plotted the distribution in terms of A77. Our At] is denoted as Arjp in [3]. ATLAS add the subscript 
F to emphasize that the gap is observed to start at the edge of the calorimeter. Thus the true gap size may be 
larger than the observed A-q (or Arjp in the notation of [3]). 
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Figure 1: The proton opacity Cl(b) determined directly from the pp da e \/dt data at 546 GeV [6], 
1.8 TeV [7] and 7 TeV [2] data. The uncertainty on the LHC value at b = is indicated by a dashed 
line. 

probability, S 2 , is taken into account. We emphasis that the region of b sampled in the inter- 
action depends on the mass of the diffractive state, or, equivalently, on the size of the rapidity 
gap. As we shall explain in Section 3.3, a gap of larger size corresponds to smaller b. On the 
other hand, at lower b we have a larger opacity Q, that is a smaller probability of gap survival. 
We will study the role of the gap survival factor using the 3-channel eikonal model we obtained 
to describe the TOTEM elastic data. 

2 Description of elastic high-energy pp scattering 

Here we show that it is possible to describe the elastic cross section at 7 TeV in terms of a 
single Pomeron pole using a multi-channel eikonal. Indeed, such a formalism is quite natural. 
It is a consequence of the internal structure of the proton. At high energies the lifetimes of the 
fluctuations of a fast proton are large, r ~ E/m 2 . During these time intervals the corresponding 
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Figure 2: The ATLAS measurements of the inelastic cross section differential in rapidity gap size 
A?7 for particles with p T > 200 MeV [3]. Events with small gap size (Arj < 5) may have a 
non-diffractive component which arises from fluctuations in the hadronization process [10]. This 
component increases as Ar/ decreases (or if a larger p T cut is used [10, 3]). The data with At] > 5 
are dominantly of diffractive origin, and may be compared with model predictions which allow for 
the survival probability, S 2 , of the rapidity gap. The curve is the prediction obtained as described 
in Section 3. 



Fock states can be considered as 'frozen'. Each hadronic constituent can undergo scattering and 
thus destroy the coherence of the fluctuations. As a consequence, the outgoing superposition 
of states will be different from the incident proton and will, in terms of hadrons, contain not 
only the proton, but excited proton states as well. 

The appropriate formalism was proposed long ago by Good and Walker [9]. We introduce 
so-called diffractive eigenstates, with % — l,n, that diagonalize the T-matrix, and so only 
undergo elastic scattering. The incoming 'beam' proton wave function is then written in the 
form 

\P) = 5Z a i|0i)> (3) 

and similarly for the incoming 'target' proton. In terms of this n-channel eikonal model, the 
pp elastic cross section has the form 



da, 



el 



dt 
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where —t — q\. 

We find that a 3-channel eikonal model is sufficient to describe all the elastic pp data from 
62.5 to 7000 GeV. We assume that each diffractive eigenstate has the same weight, that is 
dj = l/\/3 for % = 1,2,3. Moreover, we assume that the shape of the form factor which 
corresponds to the <pi — >Pomeron vertex has the form 

VS(t)=7iA(*), wh ere ft(t) = e Cit /(l - t/di), (5) 

and we take the square of the transverse size of each component proportional to its cross section. 
That is 3 , 

^ = c%, di = d/v, (6) 

so that each component has the same parton density at b = 0, as would be expected from satu- 
ration The different values of 7$ of the eigenstates distort the original proton wave function (3) 
after the interaction, leading to proton dissociation into some relatively low-mass proton reso- 
nances. We choose the values of 7$ so as to reproduce the cross section of low-mass dissociation 4 , 
af^ M ~ 3 mb, measured at the CERN-ISR [13]; that is we take 

71 = 1.90, 72 = 0.80, 73 = 0.30. (7) 

Given these diffractive eigenstates, we are left with a total of five free parameters to tune 
to describe the elastic pp and pp data available in the 62.5 to 7000 GeV energy range. First, 
we have the overall normalization, <t , which is driven by the proton- Pomeron coupling - it is 
essentially the residue, [/3(0)] 2 , of the Pomeron pole up to some known normalization factor. 
Next we have two parameters, c and d of (6), which specify the t-shapes of the various <pi- 
Pomeron couplings. Then we have the intercept, a(0) = 1 + A, and slope, a', of the effective 
Pomeron trajectory. We call the trajectory 'effective' since, at this stage, we account for only 
eikonal rescattering, and do not consider explicitly the enhanced diagrams, which account for 
the interactions between two or more Pomerons (such as described e.g. in Figs. 3 and 5 of 
Ref. [12]). However, the enhanced diagrams contribute implicitly, as we explain in a moment; it 
is known that their main effect is to 'renormalize' the original Pomeron trajectory [11, 14, 15]. 

Already this simple, physically motivated, eikonal model, with 

( j = 22mb, c = 0.4 GeV" 2 , d = 0.73 GeV 2 , A = 0.14, a = 0.1 GeV" 2 , (8) 

provides a remarkably good description of all the collider elastic data for \t\ < 0.5 GeV 2 , as can 
be seen from Fig 3. The detailed structure of the cross sections at larger \t\, particularly in the 
region of the diffractive dip, depends sensitively on the fine structure of the form factors of the 
individual diffractive eigenstates. In general, there is enough freedom to describe the elastic 
data at higher \t\, at the expense of slightly more complicated forms of these form factors; which 

3 Such an approach was used before in model B of [11] and in model (i) of [12]. 

4 In this paper, er SD is the sum of the cross sections for 'beam' and 'target' dissociation. 
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Figure 3: The description of the data for the differential cross sections for pp (or pp) elastic 
scattering in the energy range 62.5 to 7000 GeV [2, 6, 7, 16] using a 3-channel eikonal model. The 
Tevatron data with open and closed circles are those of the CDF and E710 collaborations respectively. 
Only very selected TOTEM points are shown, which have been read off their published plot. The 
excellent agreement of our model with the data for small \t\ is achieved with a very economical 
parametrization of the diffractive eigenstates. It is straightforward to describe the elastic data in 
the region of the diffractive LHC dip [1], but at the expense of a more complicated parametrization 
of the form factors of the three eigenstates. 
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may have different structure for the different eigenstates. Recall also that, at the moment, we 
have neglected the real part of the elastic amplitude, which is essential only in the region of 
the diffractive dip. 

It is not surprising that the value A = 0.14 found for the effective Pomeron is larger than the 
0.08 (the value obtained when the amplitude was parametrized by one-pole-exchange without 
any multi-Pomeron corrections [17]), but is smaller than the intercept, A ~ 0.3, expected for 
the bare Pomeron of the resummed NLL(l/x) BFKL approach [18]. In comparison with the 
simple model, we explicitly account for the non-enhanced eikonal absorption which suppresses 
the growth of the amplitude with energy. Therefore to describe the same data we need a larger 
intercept (A = 0.14). On the other hand, we do not explicitly include the enhanced diagrams, 
which would also slow down the growth of the cross section in the eikonal approach. Thus 
we expect a smaller effective intercept than that given by BFKL. Similar arguments apply to 
the slope of the effective trajectory, leading to a value (a' = 0.1 GeV -2 ) intermediate between 
the BFKL prediction 5 (a' > 0) and the old one-pole parametrization [19] (a' = 0.25 GeV~ 2 ). 
Simultaneously we expect a renormalization of the effective pole residue, expressed in terms of 

ft- 

Some results of the 3-channel eikonal description of elastic data 6 are given in Table 1. Note 
that the value of the total cross section, <r tot , is close to that measured by the CDF collaboration. 
Nevertheless, our parametrization describes the E710 Tevatron da e \/dt data rather well, in spite 
of the fact that the E710 and CDF total cross section values differ by some 10%. 

Let us compare the results 7 shown in Table 1 with the inelastic cross section obtained 
by CMS, ATLAS and ALICE at 7 TeV. In this comparison we will take the observed cross 
sections at face value, with no attention paid to the (important) experimental errors, simply 
to illustrate the trends of the data. The measured value is defined as the cross section with at 
least two particles in some central (but far from complete) rapidity, 77, interval. For instance, 
ATLAS find a inel = 60.3 mb for the cross section of processes with M > 15.7 GeV, that is 
£ = M 2 /s > 5 x 10~ 6 [24]. After a model dependent extrapolation to cover the entire rapidity 
interval they obtain <7i nc i = 69.4 mb. CMS find a very similar result, namely 68.0 mb [25]. 
ALICE also get a similar result [26]. These estimates are about 5 mb lower than the recent 
TOTEM value [2] 

o"inci = Ctot - Oci = 73.5 mb. (9) 

5 In perturbative QCD (and BFKL) the value of the slope, a' , of the effective Pomeron trajectory is controlled 
by the transverse size of the incoming cigenstate. There is no other dimcnsionful parameter. Therefore it is 
natural to have a smaller a' when the Pomeron couples to a smaller-size diffractive eigenstate. Here, we choose 
a' ik = a'(l/i + l/k)/2, where i = 1 is the largest-size, and i = 3 is the smallest-size, eigenstate 

6 Recall that the pion loop insertion modifies the Pomeron trajectory at very small t [20, 21]. Indeed the 
presence of the 2tt singularity at t = 4mJ leads to some curvature in the t behaviour of da e \/dt. That is, to 
some variation of the local elastic slope B(t). Including the pion loop gives an equally good description of the 
elastic data, but now the extrapolation to t = gives, via the optical theorem, a total cross of otot = 96.4 mb. 

7 Indeed, the analysis of the present paper may be regarded as a response to the 'Lessons from the LHC 
listed in Section 5 of [22], see also [23]. 
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Table 1: The results obtained from the 3-channel eikonal description of elastic (and quasi-elastic) pp 
and pp data. <7 tot , cr el and a^'^ are the total, elastic and low-mass single and double dissociation 
cross sections (in mb) respectively, where, in the latter cases, the mass of each dissociating system 
satisfies M < 3 GeV. The cross section a SD is the sum of the dissociations of both the 'beam' 
and 'target' protons. B is the mean elastic slope (in GeV -2 ), da e \/dt = e Bt , in the region \t\ < 
0.2 GeV 2 . The collider energies are given in TeV. 



The difference may be attributed to the extrapolated values being 5 mb deficient for low- 
mass diffraction. (The extrapolation in the high-mass interval is confirmed by the ATLAS 
measurement da/dAr] ~ da/dlnM 2 ~ 1 mb per unit of rapidity [3].) More specifically, if we 
define low mass to be M < 3 GeV, then, noting that the unmeasured interval from M = 15.7 
to M = 3 GeV gives AlnM 2 = 3.3, it follows that the ATLAS, CMS results imply a^f M ~ 64 
mb. Then using the TOTEM result we find that low-mass diffractive dissociation is expected 
to have a cross section 

a l Zi M ^ 73.5 - 64 = 9.5 mb. (10) 

Coming back to Table 1, we see that at 7 TeV 

Cinel = Ctot-Ccl = 73.6 mb, (11) 

in agreement with the TOTEM measurement. Moreover, we indeed have a rather large cross 
section for low-mass diffractive dissociation 

4™ = 7.3 + 0.9 = 8.2 mb, (12) 
in satisfactory agreement with (10). 



3 Diffractive dissociation 



Now that we have a good parametrization of the opacity of the proton, we can study the 
dynamics of proton dissociation accounting for the gap survival effect. In our formalism there 
are two distinct ways in which dissociation can occur. 
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Figure 4: The triple-Pomeron diagram which describes the process pp — > X + p where a proton 
dissociates into a system of high mass M. Neglecting absorptive effects, the cross section is given 
by (13). 



First, as we have discussed, there is dissociation into low-mass systems. This is described 
by the proton excitations which occur in the diffractive eigenstate approach. After rescattering 
the original proton wave function, (3), is distorted and is decomposed into the various hadronic 
eigenstates. The cross section of the low-mass proton excitations are given in the last two 
columns of Table 1. Since we allow for only three eigenstates, we cannot account for high-mass 
dissociation in this way. 

The process pp — > X + p, where one proton dissociates into a system X of high-mass M 
is conventionally studied in terms of the triple-Pomeron diagram of Fig. 4. In the absence of 
absorptive corrections, the corresponding cross section is given by 



where /3(t) is the coupling of the Pomeron to the proton and g$p{t) is the triple-Pomeron 
coupling. The coupling g%p is obtained from a fit to lower energy data. Mainly it is the data 
on proton dissociation taken at the CERN-ISR with energies from 23.5 — > 62.5 GeV. 

3.1 Absorptive effects in high-mass diffractive dissociation 

The problem, in the above determination of g$p, is that this is an effective vertex with coupling 



which already includes the suppression S 2 - the probability that no other secondaries, simul- 
taneously produced in the same pp interaction, populate the rapidity gap region. Recall that 
the survival factor S 2 depends on the energy of the collider. Since the opacity Q increases with 
energy, the number of multiple interactions, N oc Q, grows 8 , leading to a smaller S 2 . Thus, 
we have to expect that the naive triple-Pomeron formula with the coupling [4, 27], measured 
at relatively low collider energies will appreciably overestimate the cross section for high-mass 

8 This is because at larger optical density Q we have a larger probability of interactions. 
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Figure 5: A sketch of the diagram that describes single proton diffractive dissociation, pp — > 
X + p. System X has mass M. Each of the three shaded areas represents an effective Pomeron 
as determined by the 3-channel eikonal analysis in Section 2 with a renormalized trajectory which 
implicitly includes enhanced rescattering. The dashed lines represent the rescattering of the partons 
forming the triple-Pomeron vertex with the incoming diffractive eigenstates of one or the other 
protons. 

dissociation at the LHC. A more precise analysis [28] accounts for the survival effect S^ ik caused 
by the eikonal rescattering of the fast 'beam' and 'target' partons. In this way, a coupling g 3 p 
about a factor of 3 larger than g e s is obtained, namely g^p — 0.2gjv, where is the coupling 
of the Pomeron to the proton. The analysis of Ref. [28] enables us to better take account of 
the energy dependence of S^ ik . We therefore use this formulation to calculate the cross section 
da/dAt] of Fig. 2. Details of the calculation are given in the Appendix. 

At this stage, our prediction of the cross section still overestimates the ATLAS data with 
Arj > 5 of Fig. 2; but there is still one further absorptive effect that we must include. Recall 
that in our 3-channel eikonal determination of the opacity from the elastic data, we used an 
effective Pomeron with a renormalized trajectory, with parameters A and a'. In this way we 
already implicitly include the corrections to the Pomeron trajectory caused by rescattering due 
to the enhanced diagrams. However, it does not account for the renormalization of the triple- 
Pomeron vertex due to the rescattering of the partons which form the vertex with one or the 
other incoming protons [11]. This rescattering is indicated by the dashed lines in Fig. 5. This 
absorptive effect can be calculated explicitly in an analogous way to the renormalization of the 
proton-Pomeron coupling as was done in the eikonal amplitude of eq.(l). The summation of 
the rescatterings due to these non-enhanced 9 (eikonal) interactions again leads to the factor 
exp(— f2/2), analogous to that in (1). Recall that here we need to use the full S"-matrix, 
S = 1 + iT = e~ n l 2 . Moreover, to account for the rescattering on both of the incoming protons, 
we must include the absorptive factor 10 



9 The rapidity of the triple-Pomeron vertex in these rescatterings is fixed by the value of M 2 , and so we have 
no enhancement arising from the integration over the large rapidity interval allowed for the vertex position in 
the enhanced case. 

10 This is similar to the approach used in [29]. 




(15) 
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where the indices i, k refer to particular diffractive eigenstates in the beam and target proton 
respectively. These must be summed over. A more detailed discussion of this absorptive factor 
can be found in Ref. [II] 11 . Including the factor (15), we obtain the rapidity gap cross section 
shown by the curve for Arj > 5 in Fig. 2. We see that the curve is in general agreement with 
the ATLAS measurements. We discuss below the comparison of the curve with the data, first, 
in terms of normalization, and then in terms of shape. 

3.2 Normalization of da/dArj 

Before we proceed, we need to specify exactly what ATLAS has measured and exactly what 
we have calculated. In the ATLAS measurement [3] the large rapidity gap events are selected 
using the combined information from the inner detector tracks and the calorimeters detecting 
particles in the rapidity interval \rj\ < 4.9, while the larger rapidity interval up to proton 
y = ±8.9 is uninstrumented. ATLAS measure da/dArj with Arj defined by the larger of the 
two empty 77 regions extending between the edges of the detector acceptance at rj = 4.9 or 
i] = —4.9 and the nearest track or cluster, passing the selection requirements, at smaller \r]\. 
The gap size measured by ATLAS relative to 77 = ±4.9 lies in the range < Arj < 8, such 
that, for example, Arj = 8 implies that no final state particles are produced above a transverse 
momentum threshold p™* = 200 MeV in one of the regions —4.9 < rj < 3.1 or —3.1 < rj < 4.9. 

We calculated da/dArf with Arj' = At] + 4 using the triple-Pomeron formula (13), but 
allowing for the large 'absorptive' suppression factors, arising from the probability that the 
rapidity gap survives eikonal and enhanced rescattering. The procedure is summarised in the 
Appendix. 

The ATLAS da /d Arj cross section measurements shown in Fig. 2 may include both single 
proton dissociation and double dissociation. Part of the double dissociation, where the masses 
satisfy M < 3 GeV, is already included in our computation via the 3-channel eikonal formalism. 
Nevertheless, high- mass double dissociation, 3 < M < 7 GeV 12 , is missed, indicating that we 
should slightly underestimate the ATLAS data. 

In summary, we see that the ATLAS data indicate the important role of absorptive effects, 
described by the survival factors S 2 . Moreover, it is not sufficient to consider only eikonal 
rescattering of the fast protons (which are, more or less, included in the present Monte Carlos 
as the multiple interaction option (MI). It is necessary to allow for absorption arising from 
enhanced diagrams, in which we account for the vertices with a large number of Pomerons. 

11 In the triplc-Rcgge analysis of [28] the suppression due to (15) was not evaluated explicitly, but included in 
the effective value A e fi = gzp/gN — 0.2. We have therefore used the larger value, A = 0.3, which was obtained 
in model B3, with a 3-channel eikonal, of [11]; and which, in the present formalism, provides a good description 
of the Tevatron data in the triple-Regge region. 

12 M = 7 GeV is the minimal mass which, according to Monte Carlo simulations, can be reconstructed in the 
ATLAS experiment [3]. 
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3.3 Shape of the A77 distribution 



From the naive triple-Pomeron formula, (13), and noting £ = M 2 / s and At/ ~ — m£, we expect 

<h oc e (Aj/)A with A = 0.14. (16) 



dAr]' 

How is this result modified by a more careful treatment, including the influence of the gap 
survival factors? There are three effects. 

First, we note that the cross section measured by ATLAS, Fig. 2, has already been integrated 
over the transverse momentum. Thus the quantity which controls the At/ behaviour in (16), 
is not simply A, but rather is A — 2a'(\t\). Preliminary TOTEM data [30] indicate that the 
slope B of the cross section for the single diffractive dissociation is about 10 GeV -2 , that is 
(\t\) ~ 0.1 GeV 2 . In our analysis with a' ~ 0.1 GeV~ 2 , this would shift the value of A by 
-0.02. 

To see the next effect we must return to Fig. 5 (or Fig. 6). In impact parameter representa- 
tion, the single diffractive dissociation cross section, described by the triple-Pomeron diagram, 
can be regarded as a convolution of elastic cross sections, Odown (in the lower part of Fig. 5) 
and inelastic cross section (in the upper part of the diagram) [11]. The elastic contribution is, 

ddown oc |T down (6)| 2 oc exp(-6 2 /2 J B down ), (17) 

while for the inelastic contribution, the amplitude for the upper part of the diagram has the 
form |T up | oc exp~ 62/4jBup . The slopes, 

5 up (inel) = B (up) + c/m(£s), £ down (el) = £? (down) - c/ln£, (18) 

depend on the rapidity of the vertex, that is on At/' ~ — ln£. Thus for larger At/, we enlarge 
the slope coming from the elastic part and decrease the slope coming from the inelastic part. 
Since the elastic cross section is described by the amplitude squared, that is concentrated at 
smaller b, the typical value of b becomes smaller, where S 2 is lower (see also Fig. 2 of [31]). 
This additional absorptive effect decreases the value of A by about 0.04. 

Finally, we have an analogous effect coming from the absorption in the triple-Pomeron 
vertex, which again decreases the value of A by about 0.04. 

Thus the absorptive effects make the At/ distribution much flatter than that which might 
be expected based on original triple-Pomeron expression (13). First, the enhanced absorptive 
corrections decrease the effective Pomeron intercept A in comparison with that of the bare (un- 
screened) Pomeron. Next, the lower survival probability of gaps of larger size further suppresses 
the increase of da /dAr]' with increasing At/'. Moreover, at large LHC energies, the majority of 
secondaries comes from minijet fragmentation, and the transverse momenta of these minijets 
(pt > ^min ~ 2 GeV) are not small. Thus in the very large At/ region, corresponding to low M, 
the cross section da /dAr]' starts to decrease, as the available phase space becomes insufficient 
to generate relatively large p t minijets (see Fig. 9 of [12]). 
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The fact that our curve plotted in Fig. 2 is flatter than the behaviour of the ATLAS data, 
may indicate that the absorptive effects are too strong in the present simplified model, which 
does not account for the parton transverse momenta distribution. Indeed, partons with larger 
transverse momentum have smaller absorptive cross sections. Therefore in the model of [12], 
where the p t dependence was accounted for, we obtained a steeper behaviour (see Fig. 9 of [12]). 
Thus we need a more complicated and more complete model for a detailed description of the 
shape of the Ar] distribution of the LHC data. 

4 Conclusions 

Although there are a lot of experimental measurements of high energy pp and pp elastic scat- 
tering, we have comparatively little experimental information on 'soft' diffractive dissociation 
processes. For the latter processes, most of the information has come from measurements at the 
CERN-ISR. Indeed, the CERN-ISR experiments accumulated data in the triple-Regge domain, 
which allowed the triple-Pomeron coupling to be extracted, provided secondary Reggeons were 
included, and provided, as we have seen in Section 3, careful account is taken of absorptive cor- 
rections. Moreover, the CERN-ISR has, to date, made the only estimate of low-mass diffractive 
dissociation - a measurement invaluable in constraining the diffractive eigenstates. The CDF 
collaboration have added some more information in the triple-Regge region. This sums up the 
pre-LHC information on soft diffraction. 

The LHC is already starting to shed new light on soft diffractive processes. Besides the 
TOTEM data on elastic scattering, we have the ATLAS data of Fig. 2 on cross sections with 
rapidity gaps. In this paper, we have shown that the TOTEM data, together with other elastic 
data from low energy colliders, can be described naturally in a conventional 3-channel eikonal 
model, where the opacity Q is driven by single Pomeron exchange. There is no need to introduce 
a second Pomeron with a higher intercept to reproduce the LHC data measured by TOTEM 
at 7 GeV. 

We then used the proton opacity to calculate the cross section da/dAi] for rapidity gaps 
Arj > 5, in order to compare with the ATLAS measurements. The opacity allows us to 
determine the absorptive effects which reduce the value of the cross section, and which change 
its A77 behaviour. Within this model, this is an essentially parameter-free calculation, since 
we use the known triple-Pomeron coupling that had been tuned to describe the lower energy 
CERN-ISR and Tevatron data. The cross section at larger Arj comes from smaller b, where 
the absorption is stronger, and slows down the growth of da jd Arj with increasing Arj. For this 
reason the Pomeron intercept extracted from the da jd Arj data, using the naive triple-Pomeron 
formula, is smaller than that of the original bare Pomeron pole. 

The data and the parameter-free calculation were compared in Fig. 2. We would not have 
expected our prediction to be so good, bearing in mind the complexity of the coherence effects 
that underlie the nature of diffraction. The theoretical Arj dependence in Fig. 2 is a bit flatter 
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Figure 6: A schematic diagram showing the notation of the impact parameters arising in the 
calculation of the screening corrections to the iij triple-Pomeron diagram. The conjugate momenta 

to 61, b 2 , b 3 are k t , q t , q~t- If h = 0, then q t = q t . 



than is observed. However, note that we have used a pure 'soft' framework; that is, we assume 
that the transverse momenta of the partons, that form the Pomeron, are limited. A model 
which allows for the higher transverse momenta was presented in [12]. It was found that this, 
indeed, gives a steeper A77 behaviour (see Fig. 9 of [12]), as required by the ATLAS data. 

So to summarize, the main message is that it is possible to describe all the elastic pp (and 
pp) collider data for \t\ <• 0.4 GeV 2 in terms of a 3-channel eikonal model of a single Pomeron, 
and, secondly, that absorptive corrections appreciably modify the value and the A77 bevaviour 
of diffract ive cross sections with rapidity gaps. 



Appendix 

Here we outline how we calculate the absorptive corrections to the triple-Pomeron formula, 
(13). We follow the procedure of Ref. [28]. We first take Fourier transforms with respect to 
the impact parameters specified in Fig. 6. We then obtain 13 

M 2 da 



where 



and where 



dtdM 2 



A J ^e^FM J ^F l( 6 3 ) / ^FA), (19) 
F,M - 2^0) / ^ M (WT^ (20) 

s \2 a ,(i)-2 / 



= T^TTT^ / — e ~ b ' iijk? ' (21) 



s n2«,(()-2 /M 2 \ Qj(0)_1 

A = ^(0)^(0)^(0) ( — ) ( — ) . (22) 
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Note that e ikt bl = 1 as k t = 0. 
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Here, we have assumed 



gsp(t) = g 3P (0)ex P (b'(q 2 + q 2 )). 



(23) 



After integrating (19) over t, the cross section becomes 



M 2 da 



A 



(24) 



dM 2 



where here we have included the screening correction S 2 , which depends on the separation in 
impact parameter space, (6 2 — bi), of the incoming protons 



The result (24) has been written for a single channel eikonal, but the generalization of the 
formalism to a 3-channel eikonal is straightforward, see [28]. 
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